PRODUCTION OF POLYCRYSTALLINE SILICON INGOT 



Publication number: 



JP1 1092129 (A) 
1999-04-06 

NATSUME YOSHITAKE; ONIZUKA TOSHIHiRO + 
SUMITOMO SITIX AMAGASAKI KK + 



Also published as 



Publication date: 

Inventor(s): 

Applicants): 



J|JP3571507 (B2) 



Classification: 

- international: C01B33/02; C30B29/06; H01L31/04; C01B33/00; C30B29/06; 

H01L31/04; (IPG1-7): C01B33/02; C30B29/06; H01L31/04 

- European: 

Application number: JP19970253445 19970918 
Priority numbers): JP19970253445 19970918 

Abstract of JP 11092129 (A) 

PROBLEM TO BE SOLVED: To produce a polycrystafllne silicon ingot for a solar eel! adaptable to 
reduction in cost without deteriorating meltability even when fine silicon powder is used. SOLUTION: 
Silicon powder is granulated by high pressure compacting and the resultant granulated silicon green 
colnpacts are used as starting materia! to be melted to cast the objective ingot. The granulated silicon 
green compacts are preferably dried and/or sintered and the diameter of the compacts is preferably 
regulated to 1-10 mm. 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of a polycrystai silicon ingot corning silicon powder by high-pressure 
molding, and casting an ingot by using as a dissolved raw material after and these silicon green 
compacts by which the granulation was carried out. 

[Claim 2JA manufacturing method of the polycrystai silicon ingot according to claim 1 drying or/and 
sintering silicon green compacts by which the granulation was carried out. 
[Claim 3]A manufacturing method of the polycrystai silicon ingot according to claim 1 or 2 particle 
diameter of silicon green compacts used as a dissolved raw material being 1 mm - 10 mm. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention corns the silicon powder generated with manufacture of high purity 
silicon in more detail about the method of manufacturing the polycrystal silicon ingot used for solar cells, 
and relates to the manufacturing method of the polycrystal silicon ingot which uses this green compact 
as a dissolved raw material. 
[0002] 

[Description of the Prior Art]The production technology of a solar cell is applied in the silicon for 
semiconductors, an amorphous silicon, polycrystalline silicon, etc. and various fields with the spread of 
the latest photovoltaics, and technical development is remarkable also in which field. Although there was 
the characteristic required of the solar cell of the time of development by highly efficient-ization for the 
purpose of improvement in photoeiectric conversion efficiency, it has come to point to low-pricing with the 
spread of solar cells, for this reason, the polycrystalline silicon manufactured by the raw material as 
silicon for semiconductors, for example in manufacture of a polycrystalline silicon board is non- 
standardized - it comes to be used, carrying out crushing washing of elegance, the surplus material of 
single crystal silicon, etc. However, since the variety of the silicon for semiconductors covers a variety, or 
the thing of fixed quality is not securable, there is a limit also in low-pricing from the Reason of it being 
stabilized and being unable to secure quantity according to the quantity of production of the solar cell. 
For this reason, establishment of the quality of the high grade which demonstrates predetermined 
photoelectric conversion efficiency, and the production technology of the silicon corresponding to low- 
cost-izing is needed for development of a future solar cell. 

[0003]Methods of manufacturing the polycrystalline silicon of a high grade from the former include the 
Siemens method (Siemens Method). This method is the method of returning the trichlorosilane (SiHCy 

which is an intermediate compound by hydrogen (H 2 ), The trichlorosilane of the evaporated high grade is 

introduced in a reactor with hydrogen of a high grade, Trichlorosilane is made to decompose according 
to the reaction formula of following (A), and the surface of the polycrystalline silicon axis which supported 



both ends with the graphite electrode and was heated by about 11 00 ** is made to carry out vapor phase 

epitaxy of the poiycrystailine silicon. 

[0004] 

SiHCI 3 +H 2 -> Si+ 3HCI ... (A) 

However, in this Siemens method, since much electric power is consumed to heating of a poiycrystailine 
silicon axis, power consumption worsens. Since only few ratios contribute to generation of poiycrystailine 
silicon among the trichlorosilanes furthermore introduced into the reactor, productive efficiency is 
remarkably low. For this reason, this manufacturing method is not suitable as a manufacturing method of 
the silicon raw material for solar cells which points to low-pricing. 

[0005]Then, the fluidized-bed-granulation method was developed as a process of generating completely 
different granular poiycrystailine silicon from the Siemens method. In this manufacturing method, a fluid 
bed reactor is used, the silicon impalpable powder which is seeded in a reactor is made to flow, a mono 
silane (SiH 4 ) and the mixed gas of hydrogen are introduced into it, and a mono silane decomposes in the 

flow atmosphere heated by 600-700 **. At this time, granular poiycrystailine silicon generates through the 

reaction formula of following (B). 

[0006] 

SiH 4 -> Si+ 2H 2 ... (B) 

Since the gross area of granular silicon is overwhelmingly large compared with the silicon axis in the 
Siemens method, the production efficiency of the poiycrystailine silicon within a fluid bed reactor is high. 
Although the purity of the poiycrystailine silicon manufactured by the fluidized-bed-granulation method is 
equivalent compared with it of the Siemens method, it can reduce plant-and-equipment investment by 
half while being able to make 1/5 to about 1/10 reduce energy consumption. From such a viewpoint, it 
can be said that a fluidized-bed-granulation method is an effective method as a manufacturing method of 
the silicon raw material for solar cells. 

[0007]What is called "a zinc reduction method of a silicon tetrachloride" (only henceforth a "zinc reduction 
method") has come to be adopted as a manufacturing method of the silicon raw material for solar cells as 
a manufacturing method of the poiycrystailine silicon excellent in reaction efficiency. This manufacturing 
method is a method of manufacturing poiycrystailine silicon, by returning this with molten zinc (Zn), using 
a silicon tetrachloride (SiCI 4 ) as an intermediate compound, as shown in the reaction formula of following 

(C). 
[0008] 

SiCI 4 + 2Zn -> Si+ 2 ZnCi 2 ... (C) 

Since a zinc reduction method is the method of carrying out reduction and decomposition and 
manufacturing, without carrying out secondary pollution of it after it carries out chloridation processing 
(halogenation reaction) of the metal silicon and generates an intermediate compound, as shown in the 
above-mentioned (C) formula, it is suitable for manufacture of high purity silicon. On the other hand, 
since almost all silicon tetrachlorides (SiCI ) are the systems of reaction which advance to silicon (Si), it 



excels in reaction efficiency, and it is a manufacturing method with sufficient productive efficiency, and is 
an advantageous manufacturing method also in the field of a manufacturing cost. 
r0009] Drawing 1 is a figure explaining an example of the manufacturing process of the polycrystalline 
silicon by a zinc reduction method. In this zinc reduction method, it is roughly classified with the supply 
process of reaction raw materials (SiCI 4 and Zn), a reducing process, the partition process of a by- 
product, and the extraction process of high purity silicon (Si) so that clearly from the figure. 
[0010]By a supply process, the metal zinc (Zn) which is the silicon tetrachloride (SiCI 4 ) and reducing 

agent which carried out chloridation processing of the metal silicon as a raw material is prepared in 
reaction raw materials. In order to make supply to a reactor easy, metal zinc (Zn) is heated by the range 
of 450-550 **, and is made into a molten state. On the other hand, the silicon tetrachloride (SiCI 4 ) which 

is an intermediate compound is accommodated at ordinary temperature, and is maintained at a liquid 
state (melting point-70 **). 

[001 1]ln a reducing process, polycrystalline silicon and the subgenerated zinc chloride (ZnCI 2 ) are 

obtained by returning the silicon tetrachloride (SiCI 4 ) which is an intermediate compound with molten zinc 

(Zn). Since the boiling point of zinc chloride is 732 ** at this time, the zinc chloride (ZnCy generated by 

the reduction reaction serves as a steam, The polycrystalline silicon powder generated simultaneously is 
dramatically detailed, and is discharged by the exterior of the reactor for reduction with the steam of zinc 
chloride (ZnCy. 

[0012]ln the partition process of a by-product, in order to separate the subgenerated zinc chloride 
(ZnCy, a vaporization separating method or a fluid filtration process is used. When using a vaporization 

separating method, the mixture which consists of polycrystalline silicon and zinc chloride (ZnCy is 

introduced in a separation container, and is heated with vacuum suction after it, zinc chloride (ZnCy is 

evaporated and separated, and polycrystalline silicon is collected. When using a fluid filtration process, it 
has the elevated-temperature characteristic in a separation container, and the fine ceramics filter of 
porosity with little contamination is given, and the introduced mixture is filtered under pressure. 
[0013]in the extraction process of high purity silicon, by repeating the above-mentioned separation, an 
impurity is removed thoroughly and the fully high-grade-ized polycrystalline silicon is taken out. In this 
zinc reduction method, since the process of resulting in extraction of high purity silicon can be 
continuously processed from supply of the above-mentioned reaction raw materials, a manufacturing 
method with still higher productive efficiency can be provided. 

[0014]Since it is a manufacturing method with high productive efficiency corresponding to low cost and a 
fluidized-bed-granulation method and a zinc reduction method moreover do not have fear of secondary 
pollution as above-mentioned, either, it is an effective method as a manufacturing method of the silicon 
raw material for solar cells. 
[0015] 

[Problem(s) to be Solved by the lnvention]Usually, the granular polycrystalline silicon manufactured by a 



fluidized-bed-granuiation method is 100-1500 micrometers in diameter, and a pitch diameter is set to 
about 700 micrometers. It is generated by the fine grain by which it is generated at this time, for example, 
powder silicon 3 micrometers or less in diameter, about 15%. On the other hand, as above-mentioned, 
by a zinc reduction method, as shown in the aforementioned (C) formula, the polycrystalline silicon 
powder generated by returning a silicon tetrachloride with molten zinc is dramatically detailed, and each 
silicon taken out after separating a by-product is a thing of 3 micrometers or less in diameter a fine grain. 
[0016] Drawing 3 is a figure showing the outline composition of the continuous casting apparatus by the 
electromagnetic induction used for manufacture of the polycrystal silicon ingot mentioned later. The 
metai water-cooled crucible (cold crucible) which cut the segment at the center of the device so that it 
might be insulated electrically mutually is installed into the induction coil. And by making a magnetic field 
permeate in crucible, with magnetic pressure, melted silicon is held by no contacting and the dissolution 
is performed. In order to manufacture an ingot continuously, the upper bed side of the silicon ingot in an 
induction coil is dissolved, a granular dissolved raw material is supplied to the melted silicon formed in 
the upper surface, the dissolution and coagulation of a raw material are repeated, and a silicon ingot is 
pulled out caudad. During the raw material dissolution, it is maintained at an inert gas atmosphere after 
the vacuum suction in a device. 

[0017]At this time, it only floats that the granular dissolved raw material supplied to melted silicon is 1 
mm or less in a fine grain, for example, diameter, on the surface of melted silicon, and does not melt into 
melted silicon, and sufficient dissolution cannot be performed. And it disperses by blow off and the gas 
fiow of inactive gas, and becomes a factor with poor gas suction in a device. Therefore, to use as a 
dissolved raw material granular polycrystalline silicon manufactured by a fluidized-bed-granulation 
method, it is necessary to remove fine grain silicon 1 mm or less in diameter. For this reason, the rise of 
dissolved raw material cost is not avoided. Since all the polycrystalline silicon powder generated by a 
zinc reduction method is fine grains 3 micrometers or less in diameter, it can be used with a continuous 
casting apparatus as shown in drawing 3 . 

[0018]This invention by aiming at the particle diameter improvement of the silicon of a fine grain, and 
promoting reuse in view of the problem which silicon powder has, on the occasion of ingot manufacture 
of the polycrystalline silicon in the conventional continuous casting process, Productive efficiency is high 
and is made for the purpose of providing the method of manufacturing the polycrystalline silicon of the 
high grade corresponding to low-pricing. 
[0019] 

[Means for Solving the ProblemJThis invention makes a gist a manufacturing method of the following 
polycrystal silicon ingot. 

[0020]That is, it is "a manufacturing method of a polycrystal silicon ingot corning silicon powder by high- 
pressure molding, and casting an ingot by using as a dissolved raw material after and these silicon green 
compacts by which the granulation was carried out." 

[0021] In the above-mentioned manufacturing method, it is desirable to dry or/and sinter silicon green 
compacts by which the granulation was carried out, and it is still more desirable for particle diameter of 
silicon green compacts used as a dissolved raw material to be 1 mm - 10 mm. 



[0022]Here, although polycrystalline silicon powder generated by silicon powder and a zinc reduction 
method below 1 mm which are generated by a fluidized-bed-granuiation method is contained in silicon 
powder, fine grain silicon with a diameter of less than 1 mm with which it is satisfied of predetermined 
purity [ regardless of f a process ] other than these is applicable. 
[0023] 

[Embodiment of the lnvention]ln manufacture of the silicon for solar cells, it will be the requisite to provide 
the performance which demonstrates predetermined photoelectric conversion efficiency. For this reason, 
the silicon raw material for manufacturing the polycrystalline silicon and this with which solar cells are 
presented is urged to secure a high grade required for this, and purity equivalent to 6N (99.9999%) and 
7N (99.99999%) concrete respectively. In this invention, even if it is silicon powder with fine particle 
diameter, so that the polycrystalline silicon of such a high grade can be manufactured efficiently, Silicon 
powder is corned, and it supposes that an ingot is cast by making this into a dissolved raw material, and 
is characterized by drying and sintering further the silicon by which the granulation was carried out if 
needed. Hereafter, the contents are explained. 

[0024](1) The polycrystalline silicon powder generated as granulation silicon powder of silicon powder by 
the polycrystalline silicon and the zinc reduction method of a fine grain which are manufactured by a 
fluidized-bed-granulation method is illustrated, and all are the things of 3 micrometers or less in diameter 
a fine grain, silicon powder -- one sort or two sorts or more -- independence -- or it can be mixed and 
used. It is desirable to use perfect homogeneous mixing in any case. It is because the size after a 
granulation or sintering differs from the characteristic when the green compact of identical shape, a size, 
and a density ratio is manufactured when there is partial variation. 

[0025] Drawing 2 is a figure showing the typical composition of the high voltage roll forming machine used 
by this invention on the occasion of the granulation of silicon powder. As shown in the figure, high- 
pressure molding of the silicon powder 1a mixed uniformly is carried out by the pressure roll 2, and it 
serves as the silicon green compacts 1 b by which the granulation was carried out. 
[0026]High-pressure molding is suitable for the granulation of silicon powder. While the contact state 
which the uneven part of the particle surface collapsed by mutual friction and jam, or became brave by 
performing a fabricating operation to silicon powder under high voltage is made among particles by 
engagement, it is because the density ratio of a green compact can be gone up. 
[0027]ln the high voltage roll forming machine shown in drawing 2 , to the fully mixed silicon powder 1a, 
where the pressure beyond 1T is added by pressing down of the pressure roll 2, it is fabricated. As for 
the particle diameter of the fabricated silicon green compacts 1b, it is desirable to use 1 mm - 10 mm. 
This is because it will become because it floats on a fusion face if the maximum of particle diameter shall 
be 10 mm for securing solubility, and a dissolved raw material becomes a fine grain too much on the 
other hand since [ with many openings to a green compact ] heat transfer is difficult, so it is desirable for 
the minimum of particle diameter to be 1 mm. 

[0028]At this time, when the moldabilities (density ratio etc.) of silicon green compacts are not enough, a 
granulation binder (PVA), for example, poly vinyl alcohol, is added as solution. Although an addition rate 
is based also on the moldability of silicon green compacts, it is desirable to make a 10% of PVA 



concentration solution into 10% of a volume ratio to silicon powder. 

[0029]After a granulation is carried out, a dissolved raw material is presented with silicon green 
compacts. However, when a binder is added on the occasion of a granulation, desiccation needs to 
remove. Usually, desiccation of the green compact for a de binder is based on low-temperature 
predrying, a vacuum, or the combination of the heating at high temperature under decompression. 
[0030]The intensity of the green compact by which the granulation was carried out is not enough, and 
when producing trouble in handling of a dissolved raw material, it is desirable to add a sintering process 
further. When high-pressure molding of the silicon powder is carried out at ordinary temperature and a 
green compact is manufactured as above-mentioned, since the combination between each powder 
particle in a green compact is due to mainly mechanical engagement, there is a limit in the intensity. For 
this reason, the intensity of a green compact is securable by heating a green compact further and 
producing atomic combination sufficient among particles. 

[0031]Since bulk density goes up since the adhesion phenomenon between particle surfaces progresses 
further, and thermal conductivity improves by sintering, solubility can be improved in the dissolution of a 
silicon raw material. 

[0032](2) Casting drawing 3 of an ingot is a figure explaining the outline composition of the device which 
carries out **** casting of the ingot by using silicon green compacts as a dissolved raw material by this 
invention. Although not the thing that limits continuous casting as a device which should be used but the 
batch type using a mold, or a half-continuous system casting process may be sufficient when 
manufacturing the silicon ingot for solar cells, when meaning efficient ingot manufacture like this 
invention, it is desirable to use a continuous system casting apparatus. 
[0033]Since the device shown in drawing 3 has adopted the continuous casting method by 
electromagnetic induction, and it holds the crucible 7 and the melted silicon 11 by a non-contact state 
and it can be dissolved with magnetic pressure by this method, secondary pollution is avoidable. The 
appearance of a casting apparatus consists of the tight container 3 by which water cooling treatment was 
carried out. The vacuum suction mouth 4 is connected with an evacuation pump so that the vacuum 
exclusion of the inside of the tight container 3 can be carried out, and in the inside of the tight container 
3, the inactive gas mouth 5 is formed so that inactive gas can be controlled by an arbitrary pressure. The 
upper part and the lower part are divided into the vacuum valve 6, and this tight container 3 has come to 
be able to perform extraction of raw material charging and an ingot in an inert atmosphere. 
[0034]The no-bottom-shaped water cooling type crucible 7 is formed in the center section of the device 
by metal, and the heat insulation furnace 9 is installed in the circumference for the induction coil 8 under 
winding and the induction coil 8. The upper bed part of the ingot 10 in the induction coil 8 dissolves, and 
the melted silicon 1 1 is formed. A raw material hopper is formed under the raw-material-charging 
machine 12, and the inserted-in granular dissolved raw material 1b is supplied to melted silicon via a 
revolution-type insertion duct. In this case, it can fully dissolve in melted silicon at penetration and 
homogeneity, without a dissolved raw material floating on the surface of melted silicon by supplying the 
silicon green compacts by which the granulation was carried out by this invention. It does not disperse by 
blow off or the gas flow of inactive gas. Down the heat insulation furnace 9, the drawing apparatus 13 is 



formed and the silicon ingot 10 is continuously drawn out at the rate of predetermined. Thus, a silicon 

ingot can be manufactured efficiently. 

[0035] 

[ExampleJThe effect of this invention is concretely explained based on working example 1 and 2. 
[0036](Working example 1) By 7N, purity corned the silicon powder whose mean particle diameter is 0.35 
micrometer, and manufactured the silicon ingot as a dissolved raw material. 

[0037]a. Pressing down by a pressure roll was set to 1T at the granulation of granulation silicon powder 
using the high voitage roll forming machine shown in drawing 2 . In order to secure the moldability of 
silicon green compacts, the solution of 10% of PVA concentration was added 10% by the volume ratio as 
a binder in silicon powder, and it mixed uniformly by the mixer. A briquette (green compact) 3-5 mm in 
diameter was manufactured by high-pressure molding of the high voltage roll forming machine after it. 
[0038]b. The briquette was dried in order to carry out desiccation and a sintering de binder. After the 
drying condition carried out predrying of 200 **x 10 hours with the dryer, it was set to 600 **x10hr in the 
vacuum furnace (a degree of vacuum is 0.2Torr). 

[0039]ln order that after desiccation might secure intensity as a dissolved raw material, using the vacuum 

sintering furnace, it is degree-of-vacuum 10" 4 Torr and performed sintering of 1300 **x 2 hours. 
[0040]c. The ingot was manufactured with the continuous casting apparatus shown in dissolution drawing 
3. After carrying out evacuation of the inside of a tight container, argon gas was enclosed and it was 
considered as the pressure conditions of +30Torr. Where the insertion duct of the raw-material-charging 
machine which is above crucible is evacuated to a transverse direction, the heating element which is not 
illustrated is dropped in crucible, approach arrangement is carried out right above an ingot, and it 
energizes to an induction coil. The upper bed side of the ingot in an induction coil is dissolved, and 
melted silicon is formed in the upper surface the first stage. After forming melted silicon the first stage, 
while the silicon green compacts by which the granulation was carried out are supplied as a dissolved 
raw material and dissolving as a silicon raw material, it is made to solidify gradually in a heat insulation 
furnace, a drawing apparatus is operated, and a silicon ingot is pulled out. 

[0041]ln the raw material charging at the time of the dissolution, the intensity of the green compact is 
secured, there are no problems, such as a chip of the raw material accompanying handling and collapse, 
it could fully dissolve, and the particulate matter-like silicon of the high grade was continuously taken out 
from the lower part of the casting apparatus. When the taken-out ingot was analyzed, purity is 7N 
(99.99999%) and it checked that it was applicable as an object for solar cells. 
[0042](Working example 2) The polycrystalline silicon powder generated by returning a silicon 
tetrachloride by a zinc reduction method was corned, and the silicon ingot was manufactured as a 
dissolved raw material. Each generated silicon powder was a fine grain 3 micrometers or less in 
diameter, and purity was 7N. 

[0043]a. A briquette (green compact) 3-5 mm in diameter was manufactured by high-pressure molding of 
the high voltage roll forming machine, without mixing a binder in granulation silicon powder. Other 
granulation conditions presupposed that it is the same as that of the case of working example 1. 
[0044]b. in the raw material charging at the time of the dissolution dissolution, although some raw 



material chip and collapse occurred with handling, it could fully dissolve within melted silicon and the 
particulate matter-like silicon of the high grade was continuously taken out from the lower part of the 
casting apparatus. When the taken-out ingot was analyzed, it checked that purity was 7N (99.99999%) 
and was quality which is satisfactory as an object for solar ceils. 
[0045] 

[Effect of the lnvention]Since according to the manufacturing method of the polycrystaliine silicon of this 
invention it can be used, without spoiling the solubility as a dissolved raw material even if it is the silicon 
powder of a fine grain, Without raising the cost of a dissolved raw material, it is stabilized in quality and 
the polycrystaliine silicon of the high grade optimal as a substrate for solar cells can be manufactured at 
high efficiency. 
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TECHNICAL FIELD 

[Industrial Application]This invention corns the silicon powder generated with manufacture of high purity 
silicon in more detail about the method of manufacturing the polycrystal silicon ingot used for solar cells, 
and relates to the manufacturing method of the polycrystal silicon ingot which uses this green compact 
as a dissolved raw material. 
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PRIOR ART 

[Description of the Prior ArtjThe production technology of a soiar cell is applied in the silicon for 
semiconductors, an amorphous silicon, poiycrystalline silicon, etc. and various fields with the spread of 
the latest photovoltaics, and technical development is remarkable also in which field. Although there was 
the characteristic required of the solar cell of the time of development by highly efficient-ization for the 
purpose of improvement in photoelectric conversion efficiency, it has come to point to low-pricing with the 
spread of solar cells, for this reason, the poiycrystalline silicon manufactured by the raw material as 
silicon for semiconductors, for example in manufacture of a poiycrystalline silicon board is non- 
standardized - it comes to be used, carrying out crushing washing of elegance, the surplus material of 
single crystal silicon, etc. However, since the variety of the silicon for semiconductors covers a variety, or 
the thing of fixed quality is not securable, there is a limit also in low-pricing from the Reason of it being 
stabilized and being unable to secure quantity according to the quantity of production of the solar cell. 
For this reason, establishment of the quality of the high grade which demonstrates predetermined 
photoelectric conversion efficiency, and the production technology of the silicon corresponding to low- 
cost-izing is needed for development of a future solar cell. 

[0003]Methods of manufacturing the poiycrystalline silicon of a high grade from the former include the 
Siemens method (Siemens Method). This method is the method of returning the trichlorosilane (SiHCy 

which is an intermediate compound by hydrogen (H 2 ), The trichlorosilane of the evaporated high grade is 

introduced in a reactor with hydrogen of a high grade, Trichlorosilane is made to decompose according 
to the reaction formula of following (A), and the surface of the poiycrystalline silicon axis which supported 
both ends with the graphite electrode and was heated by about 1 1 00 ** is made to carry out vapor phase 
epitaxy of the poiycrystalline silicon. 
[0004] 

SiHCI 3 +H 2 -> Si+ 3HCI ... (A) 

However, in this Siemens method, since much electric power is consumed to heating of a poiycrystalline 
silicon axis, power consumption worsens. Since only few ratios contribute to generation of poiycrystalline 
silicon among the trichlorosilanes furthermore introduced into the reactor, productive efficiency is 



remarkably low. For this reason, this manufacturing method is not suitable as a manufacturing method of 
the silicon raw material for solar cells which points to low-pricing. 

[0005]Then, the fluidized-bed-granulation method was developed as a process of generating completely 
different granular polycrystalline silicon from the Siemens method. In this manufacturing method, a fluid 
bed reactor is used, the silicon impalpable powder which is seeded in a reactor is made to flow, a mono 
silane (SiH 4 ) and the mixed gas of hydrogen are introduced into it, and a mono silane decomposes in the 

flow atmosphere heated by 600-700 **. At this time, granular polycrystalline silicon generates through the 

reaction formula of following (B). 

[0006] 

SiH 4 -> Si+ 2H 2 ... (B) 

Since the gross area of granular silicon is overwhelmingly large compared with the silicon axis in the 
Siemens method, the production efficiency of the polycrystalline silicon within a fluid bed reactor is high. 
Although the purity of the polycrystalline silicon manufactured by the fluidized-bed-granulation method is 
equivalent compared with it of the Siemens method, it can reduce plant-and-equipment investment by 
half while being able to make 1/5 to about 1/10 reduce energy consumption. From such a viewpoint, it 
can be said that a fluidized-bed-granulation method is an effective method as a manufacturing method of 
the silicon raw material for solar cells. 

[0007]What is called "a zinc reduction method of a silicon tetrachloride" (only henceforth a "zinc reduction 
method") has come to be adopted as a manufacturing method of the silicon raw material for solar cells as 
a manufacturing method of the polycrystalline silicon excellent in reaction efficiency. This manufacturing 
method is a method of manufacturing polycrystalline silicon, by returning this with molten zinc (Zn), using 
a silicon tetrachloride (SiCI 4 ) as an intermediate compound, as shown in the reaction formula of following 

(C). 
[0008] 

SiCI 4 + 22n -> Si+ 2 ZnCL, ... (C) 

Since a zinc reduction method is the method of carrying out reduction and decomposition and 
manufacturing, without carrying out secondary pollution of it after it carries out chloridation processing 
(halogenation reaction) of the metal silicon and generates an intermediate compound, as shown in the 
above-mentioned (C) formula, it is suitable for manufacture of high purity silicon. On the other hand, 
since almost all silicon tetrachlorides (SiCI 4 ) are the systems of reaction which advance to silicon (Si), it 

excels in reaction efficiency,, and it is a manufacturing method with sufficient productive efficiency, and is 
an advantageous manufacturing method also in the field of a manufacturing cost. 
[00Q9] Drawing 1 is a figure explaining an example of the manufacturing process of the polycrystalline 
silicon by a zinc reduction method, in this zinc reduction method, it is roughly classified with the supply 
process of reaction raw materials (SiCI 4 and Zn), a reducing process, the partition process of a by- 
product, and the extraction process of high purity silicon (Si) so that clearly from the figure. 
[0010]By a supply process, the metal zinc (Zn) which is the silicon tetrachloride (SiCI ) and reducing 



agent which carried out chloridation processing of the metal silicon as a raw material is prepared in 
reaction raw materials. In order to make supply to a reactor easy, metal zinc (Zn) is heated by the range 
of 450-550 **, and is made into a molten state. On the other hand, the silicon tetrachloride (SiCI 4 ) which 

is an intermediate compound is accommodated at ordinary temperature, and is maintained at a liquid 
state (melting point-70 **). 

[001 1]In a reducing process, polycrystalline silicon and the subgenerated zinc chloride (ZnCI 2 ) are 

obtained by returning the silicon tetrachloride (SiCI 4 ) which is an intermediate compound with molten zinc 

(Zn). Since the boiling point of zinc chloride is 732 ** at this time, the zinc chloride (ZnCI 2 ) generated by 

the reduction reaction serves as a steam, The polycrystalline silicon powder generated simultaneously is 
dramatically detailed, and is discharged by the exterior of the reactor for reduction with the steam of zinc 
chloride (ZnCy. 

[0012]ln the partition process of a by-product, in order to separate the subgenerated zinc chloride 
(ZnCy, a vaporization separating method or a fluid filtration process is used. When using a vaporization 

separating method, the mixture which consists of polycrystalline silicon and zinc chloride (ZnCy is 

introduced in a separation container, and is heated with vacuum suction after it, zinc chloride (ZnCI 2 ) is 

evaporated and separated, and polycrystalline silicon is collected. When using a fluid filtration process, it 
has the elevated-temperature characteristic in a separation container, and the fine ceramics filter of 
porosity with little contamination is given, and the introduced mixture is filtered under pressure. 
[0013]ln the extraction process of high purity silicon, by repeating the above-mentioned separation, an 
impurity is removed thoroughly and the fully high-grade-ized polycrystalline silicon is taken out. in this 
zinc reduction method, since the process of resulting in extraction of high purity silicon can be 
continuously processed from supply of the above-mentioned reaction raw materials, a manufacturing 
method with still higher productive efficiency can be provided. 

[0014]Since it is a manufacturing method with high productive efficiency corresponding to low cost and a 
fluidized-bed-granulation method and a zinc reduction method moreover do not have fear of secondary 
pollution as above-mentioned, either, it is an effective method as a manufacturing method of the silicon 
raw material for solar cells. 
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EFFECT OF THE INVENTION 

[Effect of the lnvention]Since according to the manufacturing method of the polycrystailine silicon of this 
invention it can be used, without spoiling the solubility as a dissolved raw material even if it is the silicon 
powder of a fine grain, Without raising the cost of a dissolved raw material, it is stabilized in quality and 
the polycrystailine silicon of the high grade optimal as a substrate for solar cells can be manufactured at 
high efficiency. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the lnvention]Usually, the granular polycrystalline silicon manufactured by a 
fluidized-bed-granulation method is 100-1500 micrometers in diameter, and a pitch diameter is set to 
about 700 micrometers. It is generated by the fine grain by which it is generated at this time, for example, 
powder silicon 3 micrometers or less in diameter, about 15%. On the other hand, as above-mentioned, 
by a zinc reduction method, as shown in the aforementioned (C) formula, the polycrystalline silicon 
powder generated by returning a silicon tetrachloride with molten zinc is dramatically detailed, and each 
silicon taken out after separating a by-product is a thing of 3 micrometers or less in diameter a fine grain. 
[0016]Drawing 3 is a figure showing the outline composition of the continuous casting apparatus by the 
electromagnetic induction used for manufacture of the polycrystal silicon ingot mentioned later. The 
metal water-cooled crucible (cold crucible) which cut the segment at the center of the device so that it 
might be insulated electrically mutually is installed into the induction coil. And by making a magnetic field 
permeate in crucible, with magnetic pressure, melted silicon is held by no contacting and the dissolution 
is performed. In order to manufacture an ingot continuously, the upper bed side of the silicon ingot in an 
induction coil is dissolved, a granular dissolved raw material is supplied to the melted silicon formed in 
the upper surface, the dissolution and coagulation of a raw material are repeated, and a silicon ingot is 
pulled out caudad. During the raw material dissolution, it is maintained at an inert gas atmosphere after 
the vacuum suction in a device. 

[0017]At this time, it only floats that the granular dissolved raw material supplied to melted silicon is 1 
mm or less in a fine grain, for example, diameter, on the surface of melted silicon, and does not melt into 
melted silicon, and sufficient dissolution cannot be performed. And it disperses by blow off and the gas 
flow of inactive gas, and becomes a factor with poor gas suction in a device. Therefore, to use as a 
dissolved raw material granular polycrystalline silicon manufactured by a fluidized-bed-granulation 
method, it is necessary to remove fine grain silicon 1 mm or less in diameter. For this reason, the rise of 
dissolved raw material cost is not avoided. Since all the polycrystalline silicon powder generated by a 
zinc reduction method is fine grains 3 micrometers or less in diameter, it can be used with a continuous 
casting apparatus as shown in drawing 3 . 

[0018]This invention by aiming at the particle diameter improvement of the silicon of a fine grain, and 



promoting reuse in view of the problem which silicon powder has, on the occasion of ingot manufacture 
of the polycrystalline silicon in the conventional continuous casting process, Productive efficiency is high 
and is made for the purpose of providing the method of manufacturing the polycrystalline silicon of the 
high grade corresponding to low-pricing. 
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MEANS 

[Means for Solving the Problem]This invention makes a gist a manufacturing method of the following 
polycrystal silicon ingot. 

[0020]That is, it is "a manufacturing method of a polycrystal silicon ingot corning silicon powder by high- 
pressure molding, and casting an ingot by using as a dissolved raw materia! after and these silicon green 
compacts by which the granulation was carried out." 

[0021Jin the above-mentioned manufacturing method, it is desirable to dry or/and sinter silicon green 
compacts by which the granulation was carried out, and it is still more desirable for particle diameter of 
silicon green compacts used as a dissolved raw material to be 1 mm - 10 mm. 
[0022JHere, although polycrystalline silicon powder generated by silicon powder and a zinc reduction 
method below 1 mm which are generated by a fluidized-bed-granulation method is contained in silicon 
powder, fine grain silicon with a diameter of less than 1 mm with which it is satisfied of predetermined 
purity [ regardless of / a process ] other than these is applicable. 
[0023] 

[Embodiment of the lnvention]ln manufacture of the silicon for solar cells, it will be the requisite to provide 
the performance which demonstrates predetermined photoelectric conversion efficiency. For this reason, 
the silicon raw material for manufacturing the polycrystalline silicon and this with which solar cells are 
presented is urged to secure a high grade required for this, and purity equivalent to 6N (99.9999%) and 
7N (99.99999%) concrete respectively. In this invention, even if it is silicon powder with fine particle 
diameter, so that the polycrystalline silicon of such a high grade can be manufactured efficiently, Silicon 
powder is corned, and it supposes that an ingot is cast by making this into a dissolved raw material, and 
is characterized by drying and sintering further the silicon by which the granulation was carried out if 
needed. Hereafter, the contents are explained. 

[0024](1) The polycrystalline silicon powder generated as granulation silicon powder of silicon powder by 
the polycrystalline silicon and the zinc reduction method of a fine grain which are manufactured by a 
fluidized-bed-granulation method is illustrated, and all are the things of 3 micrometers or less in diameter 
a fine grain, silicon powder -- one sort or two sorts or more - independence - or it can be mixed and 
used. It is desirable to use perfect homogeneous mixing in any case. It is because the size after a 



granulation or sintering differs from the characteristic when the green compact of identical shape, a size, 
and a density ratio is manufactured when there is partial variation. 

[0025] Drawing 2 is a figure showing the typical composition of the high voltage roll forming machine used 
by this invention on the occasion of the granulation of silicon powder. As shown in the figure, high- 
pressure molding of the silicon powder la mixed uniformly is carried out by the pressure roil 2, and it 
serves as the silicon green compacts 1 b by which the granulation was carried out. 
[0026]High-pressure molding is suitable for the granulation of silicon powder. While the contact state 
which the uneven part of the particle surface collapsed by mutual friction and jam, or became brave by 
performing a fabricating operation to silicon powder under high voltage is made among particles by 
engagement, it is because the density ratio of a green compact can be gone up. 
[0Q27]ln the high voltage roll forming machine shown in drawing 2 , to the fully mixed silicon powder 1a, 
where the pressure beyond 1T is added by pressing down of the pressure roll 2, it is fabricated. As for 
the particle diameter of the fabricated silicon green compacts 1b, it is desirable to use 1 mm - 10 mm. 
This is because it will become because it floats on a fusion face if the maximum of particle diameter shall 
be 10 mm for securing solubility, and a dissolved raw material becomes a fine grain too much on the 
other hand since [ with many openings to a green compact ] heat transfer is difficult, so it is desirable for 
the minimum of particle diameter to be 1 mm. 

[0028]At this time, when the moldabilities (density ratio etc.) of silicon green compacts are not enough, a 
granulation binder (PVA), for example, poly vinyl alcohol, is added as solution. Although an addition rate 
is based also on the moldability of silicon green compacts, it is desirable to make a 10% of PVA 
concentration solution into 10% of a volume ratio to silicon powder. 

[0029]After a granulation is carried out, a dissolved raw material is presented with silicon green 
compacts. However, when a binder is added on the occasion of a granulation, desiccation needs to 
remove. Usually, desiccation of the green compact for a de binder is based on low-temperature 
predrying, a vacuum, or the combination of the heating at high temperature under decompression. 
[0030JThe intensity of the green compact by which the granulation was carried out is not enough, and 
when producing trouble in handling of a dissolved raw material, it is desirable to add a sintering process 
further. When high-pressure molding of the silicon powder is carried out at ordinary temperature and a 
green compact is manufactured as above-mentioned, since the combination between each powder 
particle in a green compact is due to mainly mechanical engagement, there is a limit in the intensity. For 
this reason, the intensity of a green compact is securable by heating a green compact further and 
producing atomic combination sufficient among particles. 

[0031]Since bulk density goes up since the adhesion phenomenon between particle surfaces progresses 
further, and thermal conductivity improves by sintering, solubility can be improved in the dissolution of a 
silicon raw material. 

[00321(2) Casting drawing 3 of an ingot is a figure explaining the outline composition of the device which 
carries out **** casting of the ingot by using silicon green compacts as a dissolved raw material by this 
invention. Although not the thing that limits continuous casting as a device which should be used but the 
batch type using a mold, or a half-continuous system casting process may be sufficient when 



manufacturing the silicon ingot for solar cells, when meaning efficient ingot manufacture like this 
invention, it is desirable to use a continuous system casting apparatus. 
[0033]Since the device shown in drawing 3 has adopted the continuous casting method by 
electromagnetic induction, and it holds the crucible 7 and the melted silicon 1 1 by a non-contact state 
and it can be dissolved with magnetic pressure by this method, secondary pollution is avoidable. The 
appearance of a casting apparatus consists of the tight container 3 by which water cooling treatment was 
carried out. The vacuum suction mouth 4 is connected with an evacuation pump so that the vacuum 
exclusion of the inside of the tight container 3 can be carried out, and in the inside of the tight container 
3, the inactive gas mouth 5 is formed so that inactive gas can be controlled by an arbitrary pressure. The 
upper part and the lower part are divided into the vacuum valve 6, and this tight container 3 has come to 
be able to perform extraction of raw material charging and an ingot in an inert atmosphere. 
[0034]The no-bottom-shaped water cooling type crucible 7 is formed in the center section of the device 
by metal, and the heat insulation furnace 9 is installed in the circumference for the induction coil 8 under 
winding and the induction coil 8. The upper bed part of the ingot 10 in the induction coil 8 dissolves, and 
the melted silicon 1 1 is formed. A raw material hopper is formed under the raw-material-charging 
machine 12, and the inserted-in granular dissolved raw material 1b is supplied to melted silicon via a 
revolution-type insertion duct. In this case, it can fully dissolve in melted silicon at penetration and 
homogeneity, without a dissolved raw material floating on the surface of melted silicon by supplying the 
silicon green compacts by which the granulation was carried out by this invention. It does not disperse by 
blow off or the gas flow of inactive gas. Down the heat insulation furnace 9, the drawing apparatus 13 is 
formed and the silicon ingot 10 is continuously drawn out at the rate of predetermined. Thus, a silicon 
ingot can be manufactured efficiently. 
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EXAMPLE 

[ExampleJThe effect of this invention is concretely explained based on working example 1 and 2. 
[0036](Working example 1) By 7N, purity corned the silicon powder whose mean particle diameter is 0.35 
micrometer, and manufactured the silicon ingot as a dissolved raw material. 

[0037]a. Pressing down by a pressure roll was set to 1T at the granulation of granulation silicon powder 
using the high voltage roll forming machine shown in drawing 2 . In order to secure the moldability of 
silicon green compacts, the solution of 10% of PVA concentration was added 10% by the volume ratio as 
a binder in silicon powder, and it mixed uniformly by the mixer. A briquette (green compact) 3-5 mm in 
diameter was manufactured by high-pressure molding of the high voltage roll forming machine after it. 
[0038]b. The briquette was dried in order to carry out desiccation and a sintering de binder, After the 
drying condition carried out predrying of 200 **x 10 hours with the dryer, it was set to 600 **x10hr in the 
vacuum furnace (a degree of vacuum is 0.2Torr). 

[0039]ln order that after desiccation might secure intensity as a dissolved raw material, using the vacuum 

sintering furnace, it is degree-of-vacuum 10' 4 Torr and performed sintering of 1300 **x 2 hours. 
[0040]c. The ingot was manufactured with the continuous casting apparatus shown in dissolution drawing 
3. After carrying out evacuation of the inside of a tight container, argon gas was enclosed and it was 
considered as the pressure conditions of +30Torr. Where the insertion duct of the raw-material-charging 
machine which is above crucible is evacuated to a transverse direction, the heating element which is not 
illustrated is dropped in crucible, approach arrangement is carried out right above an ingot, and it 
energizes to an induction coil. The upper bed side of the ingot in an induction coil is dissolved, and 
melted silicon is formed in the upper surface the first stage. After forming melted silicon the first stage, 
while the silicon green compacts by which the granulation was carried out are supplied as a dissolved 
raw material and dissolving as a silicon raw material, it is made to solidify gradually In a heat insulation 
furnace, a drawing apparatus is operated, and a silicon ingot is pulled out. 

[0041]ln the raw material charging at the time of the dissolution, the intensity of the green compact is 
secured, there are no problems, such as a chip of the raw material accompanying handling and collapse, 
it could fully dissolve, and the particulate matter-like silicon of the high grade was continuously taken out 
from the lower part of the casting apparatus. When the taken-out ingot was analyzed, purity is 7N 



(99.99999%) and it checked that it was applicable as an object for solar cells. 
[0042](Working example 2) The polycrystalline silicon powder generated by returning a silicon 
tetrachloride by a zinc reduction method was corned, and the silicon ingot was manufactured as a 
dissolved raw material. Each generated silicon powder was a fine grain 3 micrometers or less in 
diameter, and purity was 7N. 

[0043]a. A briquette (green compact) 3-5 mm in diameter was manufactured by high-pressure molding of 
the high voltage roll forming machine, without mixing a binder in granulation silicon powder. Other 
granulation conditions presupposed that it is the same as that of the case of working example 1 . 
[0044]b. In the raw material charging at the time of the dissolution dissolution, although some raw 
material chip and collapse occurred with handling, it could fully dissolve within melted silicon and the 
particulate matter-like silicon of the high grade was continuously taken out from the lower part of the 
casting apparatus. When the taken-out ingot was analyzed, it checked that purity was 7N (99.99999%) 
and was quality which is satisfactory as an object for solar cells. 

[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1]it is a figure explaining an example of the manufacturing process of the polycrystalline silicon 
by a zinc reduction method. 

[Drawing 2] lt is a figure showing the typical composition of the high voltage roll forming machine used by 
this invention on the occasion of the granulation of silicon powder. 

[Drawing 3] it is a figure explaining the outline composition of the device which carries out **** casting of 
the ingot by using silicon green compacts as a dissolved raw material by this invention. 
[Description of Notations] 

1a: Silicon powder and 1b : silicon green compacts 

2: A pressure roll and 3 : tight container 

4: A vacuum suction mouth and 5 : inactive gas mouth 

6: A vacuum valve and 7 : crucible 

8: An induction coil and 9 : heat insulation furnace 

10: An ingot and 11 : melted silicon 

12: A raw-material-charging machine and 13 : drawing apparatus 
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